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Doppler echocardiograms of the tricuspid and mitral valves 
were recorded along with the electrocardiogram and res- 
piration in 22 normal full-term neonates. A computer- 
interfaced digitizer pad was utilized to measure the follow- 
ing: peak E and A velocities (cm/s); E and A areas (the 
components of the total velocity-time integral in the early 
passive period of ventricular filling [E] and the late active 
period of atria1 emptying [A], respectively) and the Y, area 
fraction (or the proportion of filling in the first ‘/3 of 
diastole). 
All of the variables of right (tricuspid) versus left 
(mitral) ventricular filling were significantly different on the 
1st day of life. Respective values were peak E velocity 
(cm/s) 44.6 + 10.0 (tricuspid) versus 53.2 -C 9.3 (mitral), p 
< 0.01; peak E/A ratio 0.84 + 0.14 versus 1.15 f 0.17, p < 
0.0001; E/total area 0.58 f 0.07 versus 0.63 + 0.05, p < 
0.005; E/A area ratio 1.05 f 0.23 versus 1.63 f 0.40, p < 
0.0001; % area fraction 0.31 f 0.04 versus 0.41 f 0.04, 
p < 0.0001; peak A velocity (cm/s) 53.0 f 8.4 versus 47.6 
f 5.8, p < 0.05 and A/total area 0.57 f 0.09 versus 0.41 f 
0.09, p < 0.001; the mean heart rate (beats/min) was not 
significantly different: 121 f 8 versus 120 f 7. Most of the 
variables remained significantly different on the 2nd day of 
life, but the level of significance was the same or less for all 
measurements. 
Doppler-determined diastolic function in neonates is 
significantly different for the right and left ventricle, par- 
ticularly on the 1st day of life. The pattern of right 
ventricular diastolic function is characterized by a reduc- 
tion in early passive filling, with a greater dependence on 
atria1 contraction for right ventricular filling. These 
changes may reflect reduced right ventricular compliance 
as a result of intrauterine dominance. 
(J Am Co11 Cardiol1989;13:700-5) 
The importance of ventricular systolic abnormalities in the 
development of congestive heart failure has long been rec- 
ognized. Only recently have abnormalities of diastolic func- 
tion been appreciated (1). Diastolic dysfunction has been 
described (2-6) in pediatric and adult patients with left 
ventricular hypertrophy, systemic hypertension, hypertro- 
phic cardiomyopathy and coronary artery disease and may 
precede abnormalities of systolic function. 
The purpose of our study was to examine the patterns of 
right and left ventricular filling in normal neonates during 
their transition to postnatal circulation. The transition in- 
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eludes a sudden decrease in pulmonary vascular resistance 
and a shift of cardiac output from the right to the left 
ventricle; this offers an opportunity to compare right and left 
ventricular diastolic filling (7). 
Recent studies (8,9) have shown conflicting results as to 
the effects of respiration on diastolic filling of the left 
ventricle in adults. Therefore, we also examined the influ- 
ence of respiration on diastolic function in normal neonates. 
Methods 
Study patients. The patient group consisted of 22 full- 
term neonates (mean birth weight 3.44 2 0.30 kg) who had 
no evidence on physical examination of cardiac disease. 
After obtaining informed written parental consent and ap- 
proval of the hospital Human Investigation Committee, 
echocardiographic examinations were performed initially on 
the 1st day of life (mean age 12 ? 6 h). Although some of our 
patients had a small patent ductus arteriosus or mild tricus- 
pid insufficiency (see Results) and all had a patent foramen 
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Table 1. Right (tricuspid) Versus Left (mitral) Ventricular Diastolic Filling on Days 1 and 2 in 22 Neonates 
Day I Day 2 
Tricuspid Mitral p Value Tricuspid Mitral p Value 
Peak E (cm/s) 44.6 + 10.0 53.2 + 9.3 10.01 46.8 ? 8.5 50.2 + 7.9 NS 
E/total 0.58 + 0.07 0.63 ? 0.05 <0.005 0.58 2 0.05 0.61 -t 0.05 10.05 
E/A area 1.05 + 0.23 1.63 5 0.40 <0.0001 I.11 + 0.21 1.36 2 0.27 <O.OOl 
Peak E/A 0.84 + 0.14 1.15 + 0.17 <O.OOOl 0.85 + 0.23 1.00 2 0.25 CO.05 
l/3 area fraction 0.31 ? 0.04 0.41 + 0.04 <O.cOOl 0.34 * 0.04 0.39 i 0.04 CO.01 
Peak A (cm/s) 53.0 !I 8.4 47.6 2 5.8 <0.05 53.4 + 9.9 48.1 ? 8.3 <0.05 
Aitotal 0.57 + 0.09 0.41 + 0.09 <O.OOl 0.54 If- 0.10 0.45 + 0.12 CO.005 
HR (beats/mitt) I21 t 8 120-c 7 NS 120 t 6 II8 ? 6 NS 
Values are expressed as mean + SD. A/total = ratio of atria1 late active filling to total diastolic velocity-time integral; Peak A = peak flow velocity of atrial 
systole; E/total = ratio of early passive ventricular filling to total diastolic velocity-time integral; Peak E = peak E velocity of early passive ventricular filling; 
HR = heart rate; NS = not significant (that is, p > 0.05); Peak E/A = ratio of peak E velocity to peak A velocity; 113 area fraction = the proportion of diastolic 
filling that occurs during the first 113 of diastole compared with the total diastolic velocity-time integral. 
ovale, they were otherwise without a structural cardiac statistical analysis, p < 0.05 indicated a significant difference 
anomaly. Sequential examinations were performed 24 h later between groups. To evaluate the effects of respiration, 
on the 2nd day of life. A subset of five neonates who had end-inspiratory cycles were compared with end-expiratory 
been delivered by cesarean section were examined on the cycles. Comparisons of the left and right ventricular filling 
lst, 2nd and 4th days of life. patterns were made at end-inspiration. 
Echocardiographic examination. A complete two-dimen- 
sional echocardiographic examination was performed on 
each patient with use of a Hewlett-Packard ultrasonoscope 
with a 5.0 MHz transducer and recording on standard VHS 
video format. Each patient underwent a range-gated pulsed 
Doppler examination of the left and right ventricular inflow 
tracts. From an apical four chamber view, the Doppler 
cursor line was placed in the mitral and tricuspid valve inlets 
at an angle as parallel to flow as possible and in the position 
of maximal velocity through the mitral and tricuspid valves. 
All examinations were recorded at a paper speed of 100 mm/ 
s. We simultaneously recorded the patient’s electrocardio- 
gram (ECG) and respiration (using a pressure transducer 
placed against the abdominal wall). Inspiratory and expira- 
tory cardiac cycles were measured at end-inspiration and 
end-expiration, respectively. 
The interobserver variability was determined indepen- 
dently by two observers who analyzed 24 beats from two 
patients. The mean percent variability between the two 
observers was as follows: peak A 2.6%; peak E 2.4%; total 
area 4.3%; E area 6.3%; A area 4.7%; E/total area 6.7%; A/ 
total area 7.9% and $5 area fraction 3.8%. 
Results 
With the aid of a computer-interfaced digitizer pad (Free- 
land Medical Systems), we measured the following varia- 
bles: RR interval, peak E and A velocities, area under the E 
and A portions of the diastolic velocity-time integral (the 
components of the total velocity-time integral in the early 
passive period [El of ventricular filling and the late active 
period [A] of atria1 emptying, respectively), area of this 
diastolic integral during the first Y3 of diastole and the total 
diastolic area. From these measurements, the following were 
calculated: peak E/A ratio, E/A area, E/total area, A/total 
area and proportion of filling during the first 1/7 of diastole 
(the Y3 area fraction). 
First day of life: (Table 1, Fig. 1 and 2). All of the 
measurements of diastolic filling were significantly different 
when the right and left ventricle were compared. Compared 
with values in the left ventricle, the right ventricular diastolic 
variables indicated a shift away from the early passive filling 
to the later period of atria1 emptying. For the right compared 
with the left ventricle, peak E velocity, peak E/A ratio, E/ 
total area, E/A area ratio and fi area fraction were each 
significantly lower, whereas peak A velocity and A/total area 
were significantly higher. The mean heart rate was not 
different for the right and left ventricles. 
Data analysis. All the Doppler measurements reported 
are the average of three cardiac cycles at end-inspiration and 
three cycles at end-expiration. All values are reported as 
mean + 1 SD. A two-tailed paired t test was used for 
Second day of life (Table 1). By day 2, the diastolic filling 
patterns of the right and left ventricles remained significantly 
different, but the difference between the mean values was 
less for each measured variable. Comparison of the right 
with the left ventricle again demonstrated that the right 
ventricle had a significantly lower value for peak E/A ratio, 
E/A area ratio, E/total area and ti area fraction, but a 
significantly higher value for peak A velocity and A/total 
area. Mean peak E velocities and mean heart rate were not 
significantly different in the two ventricles on the 2nd day of 
life. 
Sequential analysis of the mitral valve (Table 2). Most of 
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Figure 1. Doppler echocardiogram obtained on the first day of life 
from a tricuspid valve of a normal neonate. The late phase of atria1 
filling (A) is dominant, and there is a decrease in diastolic flow 
during expiration (Exp). Cardiac cycle 2 occurs just after end- 
inspiration (Insp); cycle 3 occurs at end-expiration. E = early phase 
of diastolic ventricular filling. 
the measurements of left ventricular diastolic filling were not 
significantly different, comparing day 1 with day 2 of life. 
Both peak E/A ratio and E/A area ratio were significantly 
higher on the 1st day of life. However, peak E velocity, peak 
A velocity, A/total area, E/total area, KJ area fraction and 
heart rate were each not significantly changed from the 1st to 
the 2nd day. 
Sequential analysis of the tricuspid valve (Table 2). From 
day 1 to day 2 of life, only the right ventricular Y3 area 
fraction showed a significant change, increasing from a mean 
of 0.31 +- 0.04 to 0.34 ? 0.04. Each of the other measure- 
ments, including heart rate, were not different on the 2 days. 
Cesarean section group (Table 3). Our subset of five 
Figure 2. Doppler echocardiogram obtained on the first day of life 
from the mitral valve of a normal neonate. The early phase of 
diastolic ventricular filling (E) is dominant, and there is no signili- 
cant respiratory variation in filling. Abbreviations as in Figure 1. 
neonates delivered by cesarean section were indistinguish- 
able by right or left ventricular measurements on day 1 or 
day 2 of life from the 17 neonates who were delivered 
vaginally. Sequential analysis of the infants delivered by 
cesarean section showed no significant change from day 1 to 
day 2 of life for any variable of right ventricular function. 
Similar sequential analysis in this subgroup left ventricular 
function measurements showed a significant change only in 
the peak E/A ratio from day 1 to day 2. All the other 
measurements, including heart rate, did not significantly 
change. 
Effects of respiration (Table 4). There was no significant 
change with respiration in any variable of left ventricular 
function or in the mean heart rate. There was a significant 
change in three variables of right ventricular function from 
expiration to inspiration: mean A/total area decreased from 
0.59 2 0.09 to 0.55 ? 0.09; mean peak E/A ratio increased 
from 0.85 + 0.17 to 0.91 + 0.11 and peak E velocity 
increased from 43.4 + 8.3 to 48.4 + 9.2 cm/s, (each p < 
0.05). 
Effects of patent ductus arteriosus and tricuspid insuffi- 
ciency. On day 1 of life, Doppler examination demonstrated 
a left to right shunt through a patent ductus arteriosus in 9 
(41%) of the 22 neonates and a mild or trivial degree of 
tricuspid insufficiency in 16 (73%). By day 2, the incidence of 
shunting decreased to 3 (14%) of 22 and that of tricuspid 
insufficiency to 14 (64%) of 22, respectively. We separately 
analyzed the neonates with or without a patent ductus 
arteriosus and those with or without tricuspid insufficiency 
on the 1st day of life. There was no significant difference in 
any variable of left or right ventricular function that could be 
attributed to either a patent ductus arteriosus or tricuspid 
insufficiency. 
Discussion 
Fetal studies on blood flow velocity and E/A ratio. Pulsed 
wave Doppler estimates of maximal blood flow velocity 
through the atrioventricular (AV) valves were measured in 
84 fetuses by Allan et al. (10). Their mean value for the 
maximal flow velocity in the mitral and tricuspid valve flow 
was 48.5 and 51.7 cm/s, respectively, and was constant from 
16 to 40 weeks’ gestation; their results are in close agreement 
with our peak velocities obtained postnatally. Reed et al. 
(11) examined 120 fetuses from 17 to 42 weeks’ gestation and 
measured diastolic flow in early and late diastole across both 
the mitral and tricuspid valves. The mean peak E/A ratio 
progressively increased from 0.64 in early gestation (17 to 24 
weeks) to 0.82 in late gestation (37 to 42 weeks) and was the 
same for each AV valve. The latter value (0.82) is virtually 
the same as our tricuspid valve peak E/A ratio (0.84) on day 
1 of life. Our value for the mitral peak E/A ratio of 1.15 is 
significantly higher than their value (0.82), but a shift to early 
passive filling from atria1 emptying is consistent with the 
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Table 2. Comparison of Ventricular Filling on the 1st and 2nd Days of Life in 22 Neonates 
Left Ventricular Filling 
Day I Day 2 p Value Day I 
Peak E (cm/s) 53.2 + 9.3 50.2 + 1.9 NS 44.6 ? 10.0 
E/total 0.63 + 0.05 0.61 + 0.05 NS 0.58 + 0.07 
E/A area 1.63 2 0.40 1.36 ? 0.27 <O.Ol 1.05 2 0.23 
Peak E/A I.15 + 0.17 1.00 ? 0.25 <0.05 0.84 2 0.14 
I13 area fraction 0.41 + 0.04 0.39 + 0.04 NS 0.31 ? 0.04 
Peak A (cm/s) 47.6 + 5.8 48.7 + 8.3 NS 53.0 ? 8.4 
A/total 0.41 t 0.09 0.45 ? 0.12 NS 0.57 2 0.09 
HR (beatsimin) 120 + 7 II8 ? 6 NS 121 t 8 
Abbreviations and definitions as in Table I. 
Right Ventricular Filling 
Day 2 
46.8 2 8.5 
0.58 ? 0.05 
I.11 % 0.21 
0.85 + 0.23 
0.34 ? 0.04 
53.4 t 9.9 
0.54 2 0.10 










increase in left ventricular preload and output that occurs 
during the transition from prenatal to postnatal circulation. 
A recent report by Johnson et al. (12) described the Doppler 
inflow patterns in 10 full-term neonates at an average age of 
2.2 days. Their mean peak E/A ratio was 1.13 for the mitral 
valve and 0.71 for the tricuspid valve. Our study thus 
confirms the dependence of ventricular filling on late atria1 
emptying, which has been observed in the developing fetus. 
Previous studies of right ventricular diastolic function. 
Right ventricular diastolic function has not been extensively 
examined in either adult or pediatric patients. Previous 
studies (8,13) in adults have demonstrated no significant 
difference between right and left ventricular diastolic func- 
tion. Our study has demonstrated that the neonate’s right 
ventricular filling pattern is significantly different from that 
of the left ventricle, with a shift away from early passive 
diastolic filling toward late active atria1 emptying. Although 
our patients were normal neonates without cardiac dysfunc- 
tion, this observed pattern of diastolic filling is the same as 
that observed in patients with left ventricular diastolic dys- 
function (l-6). Alternatively, a decrease in ventricular pre- 
load could result in a shift away from early to late ventricular 
filling, but we cannot postulate a selective decrease in right 
ventricular filling as a plausible explanation (14). The pres- 
ence of a left to right shunt through a patent foramen, which 
occurred in all of our patients, would enhance right ventric- 
ular preload. 
Neonatal ventricular diastolic function. In our study, se- 
quential analysis of right ventricular filling from the day 1 to 
day 2 of life demonstrated a significant change in only one 
variable, namely, the V3 area fraction. During this same 
period, the pulmonary artery pressure and pulmonary vas- 
cular resistance in normal neonates dramatically declines 
(7). We previously documented (15) a decline in right ven- 
tricular systolic time intervals during this same period in 
normal neonates. We suggest that the right ventricular 
diastolic function variables are not sensitive to acute 
changes in right ventricular afterload. 
Comparison of left ventricular diastolic function on day I 
and day 2 of life showed a significant change in two mea- 
surements, namely, peak E/A ratio and E/A area ratio. The 
major hemodynamic change in left ventricular dynamics 
during this time is the closure of the patent ductus arteriosus, 
which would represent an increase in left ventricular after- 
load and a decrease in left ventricular preload. One might 
hypothesize that the decrease in peak E/A ratio and E/A area 
ratio we observed was related to closure of the patent ductus 
arteriosus. However, a comparison of our patients with or 
without a patent ductus arteriosus at initial examination 
showed no difference in left ventricular diastolic function. 
Role of cesarean section. A significant minority of normal 
neonates are now delivered by cesarean section, and these 
infants remain in the hospital several days longer than do 
infants delivered vaginally. We examined a group of infants 
Table 3. Comparison of Ventricular Filling on the lst, 2nd and 4th Days of Life in Five Neonates Delivered by Cesarean Section 
Day I 
Left Ventricular Filling 
Day 2 Day 4 Day I 
Right Ventricular Filling 
Day 2 Day 4 
E/total 0.62 2 0.04 0.59 f 0.03 0.59 + 0.03 0.63 f 0.04 0.60 + 0.02 0.60 2 0.02 
E/A area 1.15 + 0.18 I.15 ? 0.28 1.19 2 0.19 1.51 ‘- 0.12 1.35 + 0.19 1.51 + 0.02 
Peak E/A 0.88 2 0.09 0.95 + 0.23 1.11 ? 0.21 1.24 c 0.16* 1.00 ? 0.13 1.11 5 0.21 
113 area fraction 0.32 t 0.03 0.35 + 0.05 0.35 + 0.04 0.41 + 0.04 0.39 i 0.04 0.40 c 0.05 
A/total 0.55 f 0.10 0.50 t 0.08 0.51 ? 0.08 0.42 t 0.02 0.45 + 0.06 0.42 ? 0.08 
HR (beatsimin) 122 ?r I2 121 2 I1 II9 t IO I25 + 9 123 ? 9 119 I! IO 
*p < 0.05 (day I versus day 2). There were no other significant differences between values on day I and day 2 or on day 2 and day 4. Abbreviations and 
definitions as in Table 1. 
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Table 4. Influence of Respiration on Ventricular Filling in 22 Neonates 
Inspiration 
Left Ventricular Filling 
Expiration p Value Inspiration 
Right Ventricular Filling 
Expiration p Value 
Peak E (cm/s) 51.6 * 8.1 51.2 + 9.0 NS 48.4 + 9.2 43.4 ? 8.3 co.05 
E/total 0.58 t 0.10 0.58 + 0.11 NS 0.58 f 0.11 0.59 2 0.05 NS 
E/A area 1.55 ? 0.35 1.56 t 0.35 NS 1.06 + 0.18 0.97 t 0.30 NS 
Peak E/A 1.12 2 0.17 1.12 r 0.19 NS 0.91 + 0.11 0.85 ? 0.17 co.05 
l/3 area fraction 0.40 f 0.05 0.39 t 0.05 NS 0.33 + 0.04 0.33 ? 0.05 NS 
Peak A (cm@ 46.1 + 7.1 47.0 + 6.9 NS 51.0 + 12.2 49.0 2 14.1 NS 
Altotal 0.43 + 0.08 0.43 + 0.08 NS 0.55 * 0.09 0.59 c 0.09 co.05 
HR (beats/mitt) 119 t 7 120 t 8 NS 119 + 7 120 ? 8 NS 
Abbreviations and definitions as in Table 1. 
delivered by cesarean section, both to observe any differ- 
ences with respect to right and left ventricular diastolic 
function that were associated with cesarean section and to 
examine infants sequentially for a longer interval (4 days) 
than was practical for infants delivered vaginally. We found 
no significant intergroup differences between variables of 
right or left ventricular diastolic function on the 1st versus 
the 4th days of life. 
Influence of respiration. During inspiration, left ventricu- 
lar stroke volume decreases. The mechanisms that have 
been proposed include 1) an increase in venous capacitance 
of the pulmonary vessels; 2) an increase in heart rate and, 
therefore, a shorter diastolic filling time; 3) an increase in 
systemic afterload secondary to negative pleural pressure; 
and 4) an increase in left ventricular diastolic pressure as a 
result of a shift in the position of the interventricular septum 
after augmentation of right ventricular filling with inspiration 
(16-19). On the other hand, right ventricular stroke volume 
increases with inspiration, and possible mechanisms include 
1) augmentation of right atria1 filling, and 2) a decrease in 
right ventricular afterload secondary to negative pleural 
pressure (17). This occurs despite an increase in heart rate. 
Previous investigations in adults have shown small 
changes in mitral peak E velocities with inspiration, with a 
4% decrease in a normal control group studied by Appleton 
et al. (8) and a 10% decrease in normal adults studied by 
Dabestani et al. (9). The normal adults studied by Appleton 
et al. (8) demonstrated a mean increase in tricuspid peak E 
velocity of 14% with inspiration. Our study group showed no 
significant effect of respiration on left ventricular filling. It 
must be recalled that normal neonates have a heart rate at 
rest of 110 to 140 beats/min and a respiratory rate of 40 to 601 
min. Therefore, the effect of a single respiratory cycle is 
proportionately less in the neonate than in adults. Further- 
more, any phase lag between respiration and ventricular 
filling would become more difficult to discern at faster heart 
and respiratory rates. 
We were able to demonstrate sign&ant changes in three 
variables of right ventricularfilling with inspiration: peak E 
velocity and peak EIA ratio each increased, whereas A/total 
area decreased. Although the changes with respiration are 
small relative to the differences between the right and left 
ventricles, they are consistent with enhanced early diastolic 
filling of the right ventricle with inspiration. Because our 
data at end-expiration would exaggerate the difference be- 
tween the ventricles, we chose to use end-inspiration as our 
standard. 
Conclusions. We conclude that Doppler-determined dias- 
tolic function in neonates is significantly different for the 
right and left ventricles, particularly on the 1st day of life. 
The pattern of right ventricular diastolic function is charac- 
terized by a reduction in early passive filling, with a greater 
dependence on atria1 contraction for right ventricular filling. 
These changes may reflect reduced right ventricular compli- 
ance as a result of intrauterine dominance. We also conclude 
that respiration has significant effects on right ventricular 
filling patterns in normal neonates, and recommend stan- 
dardizing for respiratory phase in any clinical application of 
right ventricular diastolic function in neonates. 
We thank Glennese Koss for help in preparing this manuscript. 
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